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Outline

e Point gamma-sources (GSG)
* Shielded point-like gamma-sources (EMC+GSG)

e Shielded volume gamma-sources (EMC+GSG)
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Detector: coaxial HPGe (Canberra)

 Relative efficiency: 61.8%

* Crystal dimensions: @74 mm x 53 mm
e Rear contact: 10 mm x 36 mm

* Inactive Ge: 0.7 mm

e Crystal end cap: 1.5 mm Al

e End cap to crystal gap: 5 mm

« FWHM: 1.75 keV at 1.33 MeV

Sources: Thin Spectroscopic Reference
Gamma-Sources (SOSGI)

° 137CS 60C0 152Eu

Measurement conditions: Center of
experimental room
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Results of the experimental validation with 60% HPGe coaxial detector
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Gamma-ray energy, MeV

Full Energy Peak efficiency as a function of the photon

energy: circles — experimental values, curve — calculated.

Two sets of data refer to the source location at 5 cm and
17 cm distances from the detector end cap.
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Detector response, MeV' decay
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Calculated (curve) and experimental (circles) detector
responses for 1>2Eu source at 17 cm distance from the
detector end cap.
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Results of the experimental validation with 60% HPGe coaxial detector
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REVISED EDITION OF REFORT IDO - 16880 - 1

ORIGINAL ISSUED: AUGUST 1964 Detector:
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3" x 3" Nal scintillation
detector

SCINTILLATION
SPECTROMETRY

GAMMA-RAY SPECTRUM CATALOGUE

NEW VERSION OF 2ND EDITION
COMPILATION OF GAMMA-RAY SPECTRA
AND RELATED NUDCLEAR DECAY DATA
VOLUME 1 OF 2

BY Top Pb Groded

R. L. HEATH "/

Ky

s

Cu 0.015"
Cd 0.030"
Pb 4"

Y -RAY SPECTROMETRY CENTER . B
Idaha National Engineering & Environmental Laboratary L e
s 2 :::-" T

PPGo-A-ATTT



JRC Validation: Point Sources & Nal ’ltl/l/

EUROPEAN COMMISSION Trencurerium

Elements

1st Advanced Training Course ITCM with Nucleonica, Karlsruhe, Germany, 22-24 April, 2009

Results of the experimental validation with 3” x 3” Nal scintillation detector
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Results of the experimental validation with 3” x 3” Nal scintillation detector
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The experimental and simulated spectra for €°Co and a
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Validation: Point Sources & Nal
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The experimental and simulated spectra for a 12 year
old 232Th source and a Nal 3" x 3" detector.

The experimental and simulated spectra for 22Al and a
Nal 3" x 3" detector .



JRC Validation: Point Sources & Nal tl/[/

EUROPEAN COMMISSION Tnstitute for

Transuranium
Elements

1st Advanced Training Course ITCM with Nucleonica, Karlsruhe, Germany, 22-24 April, 2009

Results of the experimental validation with 3” x 3” Nal scintillation detector
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Modelling y-spectra from volume / shielded sources:

Shield
v/ B - Source / P Detector
1 =~~~ Secondary photons:
e /——-.5: « Continuum |ocmm == /{/
2 55 __ s *Fluoresced X-rays <o EDT
B B ' «511 keV photons E \\é\A‘
B .
Effects: R 4 ~<
L . b -
« Self-attenuation Primary photons: /.':'.-.‘:-.'.-..-..-..-..-
* Attenuation ; > - attenuated yrays | __.--~
* Scattering e attenuated X-rays
» Backscattering

» X-ray fluorescence
* Pair production
* Bremsstrahlung

Challenges:

* an accurate reproduction of the incident photon flux properties is important;

» an accurate knowledge of the detector response in a broad energy range is required;
* a huge computational effort is normally needed.
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What is the EasyMonteCarlo?

* A dedicated Monte Carlo web-service, i.e. a
computational engine reachable to other
programs via the Internet
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EMC: on-line Monte Carlo via Internet
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EMC Front End:

Eu152
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Coupled EMC / GSG calculations for volume & shielded sources:

Multi-layered shield EMC

Volume structured
source
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Experimental room: L x W x H=3.3x 3.8 x 3.5 m3,
Shields (20 x 20 cm?): Pb (2 cm) and Al (3cm, 12 cm).
Detector: 10% Ortec Detective, HPGe @50 x 30 mm.
Shield to detector: 10 cm.

Source to shield: 0 cm.

Unshielded sources: at 25 cm distance.

Absolute FEP efficiency

10°

Type D Disk source: Eckert & Ziegler Isotope Products,
Reference & Calibration Sources, Product Information

Type D Disk

" Active Element
AR 0.197" (5 mm)
x0.125” (3.18 mm)
Deep Hole with
Epoxy Plug

Decal

” Window Thickness
0.25” (6.35 mm]T/ i i

Ortec Detective 10% HPGe
l point sources at 25 cm

@® Experiment
——EMC + GSG (1150 um inactive Ge)
—-— EMC + GSG (350 um inactive Ge)
— — -GSG (true point source)

Gamma-ray energy, keV



Probability density, MeV'

Probability density, MeV"’
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Validation: point-like sources
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Experimental room: L x W x H=3.3x 3.8 x 3.5 m3,
Shields (20 x 20 cm?): Pb (2 cm) and Al (3cm, 12 cm).
Detector: 10% Ortec Detective, HPGe @50 x 30 mm.
Shield to detector: 10 cm.

Source to shield: 0 cm.

Unshielded source: at 10 cm distance.

Validation: volume source

CBNM-446 Uranium:

b

Separation date: 1979 &

U,0g, 200 g, 3.3 g/cm?3
Capsule: @8 x9 cm
Sample: &7 x 1.58 cm
Al window: 0.2 cm

232 — 4.1 ppt
234 — 0.0359 wt %
235 — 4.4623 wt %

Ultrasonic

/ seal
.

Aluminium

plug

LTI

Aluminium

| _—cen

AL,

{ U0 powder

236 — 0.0068 wt %
238U — 95.495 wt %

Nuclide Activity Nuclide Activity
234 14.1 MBq 219Rn 128 Bq
238 2.02 MBq 211pp, 128 Bq

234mpg 2.02 MBq 211 128 Bq
234pg 3.03 kBq 212py, 438 Bq
24T 2.02 MBq 212g; 438 Bq
235y 607 kBq *%Ra 438 Bq
21T 607 kBq 2087 157 Bq
#1pg 372 kBq Total 21.4 MBq
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Absolute FEP efficiency

Unshielded CBNM-446: FEP efficiency

, Au K-edge Ortec Detective 10% HPGe
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Validation: volume source
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Unshielded CBNM-446

EMC option: MCNP4c

2
10 Source: CBNM Uranium 4.46%
Shield: None
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EMC option: MCNP-CP

Source: CBNM Uranium 4.46%
Shield: None

Source distance: 10 cm

EMC code used: MCNP-CP
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CBNM-446 shielded with 12 cm Al

EMC option: MCNP4c EMC option: MCNP-CP

Source: CBNM Uranium 4.46%

Source: CBNM Uranium 4.46%
Shield: 12 cm Al

Shield: 12 cm Al :
10° Source to shield: 0 cm s R Source to shield: 0 cm
L Detector to shield: 10
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Probability density, MeV"
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CBNM-446 shielded with 2 cm Pb

EMC option: MCNP4c

Source: CBNM Uranium 4.46%
Shield: 2 cm Pb

Source to shield: 0 cm
Detector to shield: 10 cm

EMC code used: MCNP4c

o Experiment

Full spectrum

- — = Compton continuum
— - — Scattered continuum
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Gamma-ray energy, MeV

Probability density, MeV"’

EMC option: MCNP-CP

Source: CBNM Uranium 4.46%
Shield: 2 cm Pb

Source to shield: 0 cm
Detector to shield: 10 cm

EMC code used: MCNP-CP
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Full spectrum
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Gamma-ray energy, MeV
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